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I .  INTRODUCTION 
Simulated M a r t i a n  environment exper iments  a r e  being con- 
ducted with Staphylococcus aureus. The e f f e c t s  of t he  fo l -  
lowing barometric pressures and carbon dioxide concentrations 
w e r e  studied: 
Earth atmosphere a t  pressures of 1 0 ,  25, 
and 40 m b ,  with a diurnal  temperature 
cycle 
Carbon dioxide concentrations and pressures 
of 37% a t  40 m b ,  67% a t  25 m b ,  and  100% a t  
10  m b ,  with a diurnal  temperature cycle. 
- S. aureus grew i n  Earth atmospheres a t  a l l  barometric pres- 
sures  and i n  a l l  concentrations of carbon dioxide. Growth was 
rapid and maximum populations w e r e  reached as ea r ly  as 3 days 
with an 8-hr d a i l y  f reeze and 7 days w i t h  a 20-hr d a i l y  freeze.  
Maximum populations w e r e  100- to  1,000-fold higher t h a n  i n i t i a l  
populations. 
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Similar experiments w e r e  i n i t i a t e d  with carbon dioxide 
concentrations of 37, 67, and lOoo/o  a t  98 m b  t o  determine the  
e f f e c t  of the  r e l a t i v e  abundance of carbon dioxide on the  
growth of & aureus. 
So i l  ecology exper iments  were i n i t i a t e d  on the  growth 
response of Bacillus cereus, Lactobacillus plantarum, 
Pseudomonas aeruqinosa, Putrefact ive Anaerobe (PA 3679), 
- S ,  aureus, and Streptomyces albus i n  brunizemic and podzolic 
s o i l s  with 99% r e l a t i v e  humidity and a constant temperature 
of 35oC o r  a diurnal  temperature cycle w i t h  an  8-hr freeze.  
C e l l  populations a s  low a s  l o 2  t o  10 
w e r e  s u f f i c i e n t  t o  permit growth of a l l  bacterial species 
t e s t ed  i n  both s o i l  types.except P A  3679, 
3 ce l l s  per gram of s o i l  
Work w a s  i n i t i a t e d  on I I T R I  Proposal N o ,  66-492L (Revised) 
e n t i t l e d  "Design and Construction of Environmental Chambers , ' I  
Technical discussions w e r e  held be tween  I I T R I  L i fe  Sciences 
and Engineering personnel, 
sho r t ly ,  
Construction of chambers w i l l  begin 
I1 EXPERIMENTAL PROCEDURES 
- S. albus stock cu l ture  was prepared by growing the  organism 
on the surface of tryptone glucose ex t r ac t  agar (Difco) f o r  10 
days a t  room temperature, a f t e r  10  days, abundant sporulation 
had occurred. The spores were harvested and washed i n  the  usual 
manner  with a 0.025 M phosphate buffer-0.1% Tween 80 solut ion a t  
p H  7.0. 
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Report No. IITRI-L6023-5 described the  stock cu l tu re  pre- 
paration of - B. cereus, p. aeruqinosa, P A  3679, and s. aureus. 
Preparation of the - L o plantarum stock cu l tu re  was described 
i n  Report N o .  IITRI-L6023-6. All stock ce l l  suspensions w e r e  
stored a t  4OC u n t i l  used, B. cereus and PA 3679 spore sus- 
pensions w e r e  heat-shocked a t  80OC f o r  10  m i n  j u s t  before use,  
Bacter ia l  counts a r e  reported a s  average counts of two 
p l a t e s  from each of two o r  three tubes. Incubation was a t  
30 o r  35OC f o r  2 4  o r  4 8  h r ,  depending on t h e  bacterial  species. 
111. RESULTS AND DISCUSSION 
A, Simulated M a r t i a n  Environment Studies 
A l l  tubes i n  these e x p e r i m e n t s  contained 1 g of f e l s i t e /  
l imonite s o i l ,  1% organic medium, and 8.6 t o  10.3% moisture. 
The tubes w e r e  flushed seven t i m e s  with a p a r t i c u l a r  gaseous 
atmosphere before pressure w a s  es tabl ished and the  tubes w e r e  
sealed, The balance of the 37 and 67% carbon dioxide atmos- 
pheres was argon and nitrogen. Diurnal freeze-thaw cycles of 
8- and 20-hr f reezes  w e r e  used with each atmosphere. Control 
tubes w e r e  prepared i n  a s i m i l a r  manner ,  except they w e r e  
f lushed with Earth atmosphere and sealed a t  98 mb.  One-half 
of the control tubes w e r e  incubated a t  35OC, and one-half re- 
ceived a diurnal  temperature cycle with a n  8-hr freeze.  Tubes 
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from both control  groups were sampled a t  3 and a t  7 days, Ex- 
perimental tubes w e r e  sampled immediately and a t  1, 3, 7 ,  28, 
and 56 days. 
The experimental r e s u l t s  are  complete only through 7 o r  
28 days and are  presented i n  Figures 1 through 3. A comparison 
of these f igures  indicated t h a t  Earth atmosphere aC barometric 
pressures  of 10 ,  2 5 ,  and 40 m b  with a 8-hr d a i l y  f reeze had no 
e f f e c t  on the growth of S, aureus, Similar maximum populations 
were reached i n  these tubes between 1 and 7 days. 
Carbon dioxide concentrations of 37,  67,  and 100% a t  res- 
pec t ive  pressures  of 40 ,  2 5 ,  and 1 0  m b  with an 8-hr da i ly  f reeze 
cycle  did a f f e c t  the growth of S. aureus, Maximum populations 
i n  these tubes were generally 10-fold lower than the populations 
reached i n  tubes with Earth atmosphere a t  s imi la r  barometric 
pressures ,  
Extending the d a i l y  f reeze  t o  2 0  h r  delayed S, aureus growth 
i n  the  tubes with Earth atmosphere a t  1 0 ,  2 5 ,  and 40 m b .  A l -  
though growth was delayed between l t o  3 days, the maximal popu- 
l a t i o n s  reached were s imilar  t o  populations i n  tubes receiving 
Earth atmosphere a t  the same pressures and a da i ly  8-hr f reeze,  
The growth of - S. aureus i n  the  t u b e s  t h a t  received 37,  67,  
and lOoo/o carbon dioxide concentrations and a 20-hr da i ly  f reeze 
was delayed from 3 t o  7 days, There a r e  indicat ions t h a t  growth, 
although delayed, w i l l  achieve population maxima s imilar  t o  the 
maxima recorded f o r  the  tubes with the same carbon dioxide con- 
cent ra t ions  and an 8-hr freeze.  
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L - 0-0 EARTH ATMOSPHERE AT 4 0 m b ;  8 HR FREEZE CYCLE - +--a EARTH ATMOSPHERE AT 4 0 m b ;  2 0 H R  FREEZE CYCLE 
A-A 37% CARBON DIOXIDE AT40mb;  8 HR FREEZE CYCLE 
&--A 37% CARBON DIOXIDE AT 40mb; 20 HR FREEZE CYCLE 
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- - - 0-0 EARTH ATMOSPHERE AT 25mb; 8 HR FREEZE CYCLE 
- 0-0-4 EARTH ATMOSPHERE AT 25mb; 2 0 H R  FREEZE CYCLE - A-a 67% CARBON DIOXIDE AT 25mb; 8 HR FREEZE CYCLE 
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FIG. 2 THE EFFECT O F  DIFFERENT GASEOUS ATMOSPHERES 
THAWING ON SURVIVAL OF STAPHYLOCOCCUS AUREUS. 




0-0 EARTH ATMOSPHERE AT IOmb; 8 HR FREEZE CYCLE 
Cp----a 100% CARBON DIOXIDE AT IOmb: 8 HR FREEZE CYCLE 
&--4 100% CARBON DIOXIDE AT IOmb; 2 0 H R  FREEZE CYCLE 
0-0-4 EARTH ATMOSPHERE AT IOmb; 2 0 H R  FREEZE CYCLE 
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FIG. 3 THE EFFECT OF DIFFERENT GASEOUS ATMOSPHERES 
AT l O m b  PRESSURE WITH DAILY FREEZING AND 
THAWING ON SURVIVAL O F  STAPHYLOCOCCUS AUREUS. 
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There a re  several  f ac to r s  responsible f o r  the rapid growth 
and survival  of S. aureus i n  these severe environments. These 
a r e  (1) res i s tance  t o  da i ly  f reezing and thawing, ( 2 )  a b i l i t y  
to  grow i n  the absence of oxygen, ( 3 )  a b i l i t y  to  t o l e r a t e  high 
carbon dioxide concentrations,  ( 4 )  r e l a t i v e l y  short  generation 
time, and ( 5 )  low water ac t iv i ty  ( a  ) requirement fo r  growth. 
I t  i s  the possession of these fac tors  t h a t  enables S, aureus 
to  respond i n  a very pos i t ive  manner t o  extreme environments. 
These same fac to r s ,  i n  t u r n ,  can be used a s  guidel ines  when 
considering the a b i l i t y  of other  organisms t o  survive i n  s i m i -  
l a r  severe environments. 
thawing, elevated carbon dioxide concentrations,  and lack of a 
requirement f o r  oxygen allow survival ,  while the short  genera- 
t i o n  t i m e  and low aw requirement permit the organism t o  multiply 
a t  lower temperatures during the freezing phase and t o  undergo 
e a r l i e r  c e l l u l a r  mult ipl icat ion during the thawing phase. 
- 
W 
An organism's res i s tance  t o  f reezing,  
B. So i l  Ecoloqy Studies  
Two s o i l  types were col lected i n  Kane County, I l l i n o i s .  
Collection and character izat ion of these s o i l s  were done with 
the cooperation of the  U.S. Department of Agriculture s o i l  
s c i e n t i s t s  K.  C. Hinckley and R. Montgomery from the Soi l  Con- 
servat ion Service a t  Batavia, I l l i n o i s .  
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T h e  brunizemic s o i l  i s  of the Saybrook s i l t  loam var ie ty ;  
i t  i s  a dark brown, moderate-to-fine granular s t ruc tu re ,  f r i a b l e ,  
and neut ra l  s o i l .  This s o i l ,  developed under nat ive grasses ,  
was col lected from well-drained, gent ly  sloping uplands. T h e  
podzolic s o i l  i s  of t he  Dodge s i l t  loam var ie ty ;  it i s  a gray- 
brown, weak-to-fine granular s t ruc ture ,  very f r i a b l e ,  and medium- 
acid s o i l .  This s o i l ,  developed under nat ive hardwood vegetation, 
a l so  was col lected from well-drained, gent ly  sloping uplands. 
Laboratory pHs of s o i l  pastes  prepared from the s o i l s  (one p a r t  
s o i l  t o  one p a r t  w a t e r )  w e r e  7.1 and 5.7 f o r  the brunizemic and 
podzolic s o i l s ,  respectively.  
A l l  tubes i n  the  experiments contained 1 g of previously 
s t e r i l i z e d  s o i l ,  s u f f i c i e n t  water t o  e s t ab l i sh  a n  a of 0.99, 
and an  Earth atmosphere of 1013 mb.  The tubes w e r e  inoculated 
with p a r t i c u l a r  organisms a t  predetermined cel l  populations and 
sealed,  Half t he  tubes w e r e  incubated a t  35OC, and half  re- 
ceived a diurnal  freeze-thaw cycle with an 8-hr freeze.  Tubes 
w e r e  sampled immediately and a t  7 ,  2 8 ,  and 56 days. 
W 
Data on the growth of - B. cereus, P A  3679, L, plantarum, 
- P. aeruqinosa, S. aureus, and S. albus i n  the brunizemic and 
podzolic s o i l s  a r e  given i n  Table 1. The experiments are not 
complete, but cer ta in  trends can be presented a t  t h i s  t i m e .  
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The percent recovery of viable  organisms a f t e r  inoculation 
was generally higher from the brunizemic than the podzolic s o i l .  
O n  the  assumption t h a t  other conditions were equal,  the poorer 
recovery w a s  a t t r i bu ted  t o  the acid pH of the podzolic s o i l .  
Conversely, the acid pH of the podzolic s o i l  prevented o r  de- 
layed germination of B, cereus and PA 3679 spores and was re- 
f l ec t ed  i n  the high percent recovery of these organisms from 
podzolic s o i l  . 
The incubation temperature d id  not adversely a f f e c t  sur- 
vival  o r  growth of organisms i n  the  brunizemic s o i l ,  but did 
i n  the  pdozolic s o i l ,  I n  the podzolic s o i l  v i a b i l i t y  of many 
of t he  organisms decreased a f t e r  7 days, This r e s u l t  i s  be- 
l ieved to  have been caused by the acid pH of the  podzolic s o i l .  
The organic content of a s o i l  would a l so  a f f e c t  a c e l l ' s  re- 
covery a f t e r  inoculation and i t s  survival  potent ia l .  Although 
organic analyses of the s o i l s  have not  been  completed, the pod- 
zo l i c  s o i l s  usual ly  have a lower organic content than brunizemic 
s o i l s .  
2 3 
- L. plantarum, & aureus, and & albus per gram of s o i l  can 
grow i n  brunizemic and podzolic s o i l s  a t  constant 35OC and i n  
brunizemic s o i l  with a diurnal temperature cycle,  Also, a l -  
though 1 0  c e l l s  of p, aeruqinosa per gram of s o i l  a r e  su f f i -  
c i e n t  fo r  growth i n  brunizemic s o i l  a t  constant 35OC, l o 3  ce l l s /g  
a r e  required f o r  growth with a diurnal  temperature cycle and 
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Table 1 shows t h a t  10 t o  10 viable  c e l l s  of B. cereus,  
2 
4 ce l l s /g  a r e  required f o r  growth i n  podzolic s o i l  a t  constant 35OC. 
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These s tudies  a re  continuing, and complete data  and evalu- 
a t ion of the experimental data  w i l l  be presented a f t e r  com- 
p le t ion  of the 56-day test period. 
IV. SUMMARY 
Growth of - S. aureus was not inhibi ted i n  Earth atmosphere 
a t  barometric pressures  of 10, 2 5 ,  o r  40 mb. Growth was rapid 
and abundant. 
Carbon dioxide concentrations of 37,  6 7 ,  and 100% a t  pres- 
sures  of 40,  2 5 ,  and 10 m b ,  respect ively,  did not i n h i b i t  the 
growth of S, aureus. 
Maximum populations of - S. aureus were 100- t o  1,000-fold 
higher than i n i t i a l  populations. 
Brunizemic and podzolic s o i l s  tes ted were adequate to  sup- 
po r t  the  growth of & cereus,  plantarum, p. aeruqinosa, 
P A  3679, s. aureus, and 5 albus, 
not  a f f e c t  the growth of these organisms i n  the brunizemic 
An 8-hr d a i l y  f reeze did 
s o i l ,  but  d id  decrease o r  i n h i b i t  growth i n  the podzolic s o i l .  
V, PERSONNEL AND RECORDS 
The experiments were planned with the counsel of D r .  E. J. 
Hawrylewicz and the technical ass is tance of M r .  Bruce Anderson, 
M i s s  Marjorie Ewing, and Miss Vivian Tolkacz. 
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E x p e r i m e n t a l  data are recorded i n  I I T R I  L o g b o o k s  C17091 ,  
C17092 ,  C17094, C17096, C17097, and C17260.  
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